Hemp (Cannabis sativa L.) is a traditional fiber crop, which is becoming one of the most important industrial fibers, with a promising future in many fields. To accelerate the breeding of hemp cultivars with increased fiber content, it is important to establish a preflowering method that can be used to predict the potential fiber content in hemp bast. This study investigated the correlation between fiber content in the stem bast portion and in the entire stem. In addition, the variation in the bast fiber content during the sampling period was studied in three hemp cultivars. It was clear that the bast fiber content in hemp stems was determined up to 40 d before emergence of the staminate buds. The fiber content of the bast (in a sample piece 30cm long and covering one-quarter of the stem girth, sampled at two-fifths of the plant height from the soil, 20 d before the staminate buds emerged) was shown to be representative of the fiber content of the entire stem. In conclusion, this new method would allow breeders to select the hemp plants for high bast fiber content during the early to middle growth periods, before the male buds emerged, potentially accelerating the genetic improvement of fiber content in industrial hemp. 
INTRODUCTION
Hemp (Cannabis sativa L.) is an ancient and eco-friendly cultivated crop that was first cultured in China, and is used for the manufacture of clothes, household supplies, paper pulp, drugs, food, recyclable composite materials and so on (Blade, Gaudiel & Kerr, 1999; Dalotto, 1999; Zhou, Zhang & Zhang,2009) .Hemp has been used to make more than 2,500 known products (Johnson, 2014) . Hemp textile industries first began in Europe and Asia around8000BC (Hemphouse, 2017) . In the middle of the 20 th century, hemp was banned from cultivation by governments as an illegal drug crop. However, in recent years, governments and researchers became more interested in the cultivation of hemp, as one of the most important green fibers and drugs (Decorte, 2010) , and the cultivation of a number of hemp cultivars with low THC (tetrahydrocannabinol,<0.3%) content has been allowed, to the point where some European government seven provide agricultural subsidies for hemp cultivation (Forapani et al., 2001) . Hemp can grow with little or no chemical fertilizers, herbicides or pesticides and the cropis now cultivated all around the world (Hemphouse, 2017) .
Asa dioecious (separate male and female individual plants) and hence obligately out breeding species, hemp has a very high level of genetic variation with respect to biological traits, even within a cultivar, or between parents and their progeny (Faeti et al., 1996; Yang et al.,2003b; Deng et al., 2010) . Bredemann was the first author to select high-yield in hemp cultivars on the basis of the fiber contents of the male and female parents, and then crossing those high-fiber parents (Ranalli, 2004) . For efficient hemp cultivar production, it is necessary to select parent plants with high fiber contents before flowering, in order to achieve seed production in the current year, and then to select within the offspring to identify individuals with high fiber content and fiber yield potential.
The bast fiber content differs among various parts of the hemp stem. 18. Mediavilla, Leupin & Keller (2001) observed that, if the hemp stem was separated into three equal portions, approximately 54% of the fibers were in the bottom third, 34% in the middle third and only 12%in the top third. de Meijer & van der Werf (1994) reported that 70.4%of the stem dry matter and 71.6% of the hemp fiber product were found in the first meter of stem from the soil surface upwards. According to another report, the amount of pure fiber per unit length of stem (g cm −1 ) decreased linearly from the bottom to the top (Amaducci, 2003) . However, Westerhuis et al. (2009) reported that the ratio of the total fiber content to wood content was highest in the middle part of the hemp stem, and decreased towards both the bottom and the top of the stem.
Generally, it is commercially important to maximize hemp fiber quality and yield. Many scientists have engaged in the breeding of hemp cultivars with high yield and good quality, and many new cultivars have been released (van der Werf, Wijlhuizen & de Schutter, 1995; Yang et al., 2003b; Westerhuis et al., 2009a, b; Guo et al., 2017; Kang et al., 2017) . However, a method for selecting hemp plants with high fiber contents before flowering is not currently available (Ranalli, 2004) , resulting in a decrease in selection efficiency, and an increase in the duration (and cost) of hemp breeding programs.
In this study, we investigated the correlation between fiber content in the stem bast portion and the whole stem, as well as how the bast fiber content varied during the pre-flowering sampling period in three hemp cultivars. The goal of this research was to try to develop a nondestructive methodology to evaluate the potential fiber content in the hemp bast, by which to select elite high-fiber in dividuals before flowering as the parents for hybridization, for the 
MATERIALS AND METHODS

Cultivation of the hemp plants
The At each sample collection, five plants of similar growth status for each cultivar were selected at each time and a mark was made on the east side of each plant. For convenience, the stem was cut off at ground level and plant height was measured, then a piece of bast (representing one-quarter of the stem girth) was stripped off from the marked side, from the bottom to the top of the stem. The sampled bast was separated equally into five portions by length and designated as portion 1 (P1) at the bottom of the stem through to portion 5 (P5)at the top. The remainder of the bast was collected to test the fiber content of the whole stem (the fiber in the sampled bast was also added). The bast was dried in an oven set at 38°C (to keep microbes alive) until constant The bast strips were degummed by incubation in a water bath at 36°C for 5 d.When the incubation was completed, the bast strips were washed, then the fiber was collected and dried at 60°C to constant weight. The fiber content in each portion of the sampled bast and in the bast of the whole stem was calculated from the ratio of fiber dry weight to bast dry weight
Data analysis
The correlations between the fiber content in the bast of each stem portion and the whole stem for each cultivar, and for the three cultivars together, were analyzed using the statistical software SPSS 16.0.Based on the data of the whole stem bast from each sample collection, the variation of the fiber content in each of the three cultivars throughout the sampling period was presented, using Excel 2007. Data points were presented as the mean value, while error bars represented represent ± standard error from mean.
RESULTS
Variation in bast fiber content in the hemp cultivars during the sampling period
The bast fiber contents in the hemp cultivars in 2014 varied clearly, but the plot lines of the three cultivars did not intersect (Fig. 1) .Cultivar Ym4 showed higher bast fiber content than did Ym1
and Ym5, and it was observed that Ym 5 had the lowest fiber content during the sampling period. Moreover, although the variation of fiber content in the three cultivars in 2015 differed somewhat from that in 2014, the overall trends within the two years were similar to one other (Figs. 1,   2 ).The results showed that the difference between the bast fiber content of the three cultivars (and maybe the potential fiber yield) was determined early in plant growth (40 d before emergence of the staminate flower buds), and that this difference was quite stable throughout the sampling period. Therefore, the fiber content of the different cultivars in the growth period before flowering could be a reflection of variation in the potential fiber yield at harvest among the hemp cultivars.
Correlations between fiber content in the bast of the different stem portions and in the whole stem
In general, moderate to high positive correlations were observed between the fiber content in the bast of the different stem portions and in the whole stem, with the exception of the top portion, P5 (Tables 1, 2 ). Generally, there was a highly significant positive correlation between the fiber content in the bast from the first (P1) to the third portions (P3) and that in the whole stem, with the exception of the third portion of Ym 1 in 2015 (Tables 3, 4 ).
The fiber content in the bast of portion 2 (P2) was highly correlated with that of the whole stem in cultivars Ym 1, Ym 4 and Ym 5 in the samples collected 20 days before the male buds emerged ( Table 3 ). The correlation coefficients were 0.940, 0.970 and 0.903, respectively (Table   122   123 
DISCUSSION
The high degree of genetic variation in hemp is an advantage with respect to breeding cultivars with high fiber yield (Faeti et al., 1996; Yang et al., 2003b) . Hemp is an anemophilous obligately cross-pollinated crop, and its pollen can travel over 100km (Cabezudo et al., 1997; Cariñanos et al., 2004) , which causes difficulty for hemp breeders, with respect to preventing uncontrolled pollination. Therefore, the selection of elite plants early in growth would be very important for increasing breeding efficiency. However, due to the absence of an applicable method for predicting the bast fiber content at an early growth stage before flowering, the evaluation of the fiber yield of prospective parent plants could not be quantified or assessed on an objective basis. As a consequence, evaluation of the hemp cultivar or germplasm as a prospective parent is either delayed to post-harvest or could only be carried out on a subjective basis by an experienced breeder (Ranalli, 2004) .This is one of the main impediments to enhancing the efficiency of hemp breeding.
In this paper, a new method for predicting the hemp bast fiber content was developed, which entailed stripping off a small piece of the stem bast (one-quarter of the stem girth and 30cm long) from the lower part (P2) of the stem 20 d before flower bud emergence, and measuring the fiber content. Inter-cultivar differences with respect to bast fiber content, and maybe potential fiber yield, were determined at an early stage, and the differences were quite stable throughout the sampling period. Moreover, using this technology and sampling a small piece of stem bast did not stunt the growth of the hemp plants (data not shown).The treatment could be used to estimate the bast fiber content of the whole stem and the potential fiber yield of the hemp cultivars before flowering (permitting the use of the selected high-fiber individual plants as parents in hybridization in the current year), and showed reliability values(in terms of estimating whole stem fiber content) as high as greater than 80%. Using this method, breeders can select plants with high fiber content for hybridization, to accelerate the production of high-fiber hybrid progeny, and to enhance breeding efficiency in industrial hemp. This method could also be used to select individual plants with high fiber content for seed multiplication from the highly heterogeneous populations which make up a commercial hemp cultivar.
Conclusion
The difference between the bast fiber content of the three hemp cultivars (and maybe the potential fiber yield) was determined early in plant growth (40 d before emergence of the staminate flower buds), and that this difference was quite stable throughout the sampling period.
The fiber content of the bast (in a sample piece 30cm long and covering one-quarter of the stem girth, sampled at two-fifths of the plant height from the soil, 20 d before the staminate buds emerged) was shown to be representative of the fiber content of the entire stem, and showed reliability value as high as greater than 80%. Using this technology and sampling a small piece of stem bast did not stunt the growth of the hemp plants. The technology studied in this paper can accelerate the production of high-fiber hybrid progeny, and to enhance breeding efficiency in industrial hemp. 
